The article describes the main performances of the global coal industry, as well as key occupational safety and health indicators (OSH indicators) of the coal mining industry of the Russian Federation. The main goal of the article is to present the results of research of potential utilisation of the Elmeri observation method in order to evaluate safety levels at underground coal mines. The investigation performed taking into consideration two root causes of the occupational traumatism (methane and/or dust explosions, as well as rock falls) has demonstrated good correlation between the calculated values of the safety index and results of the risk assessments at the same underground coal mine under consideration. In addition, the article includes a brief discussion of advantages and restrictions in respect of utilisation of the safety index as the OSH monitoring tool at coal mines.
INTRODUCTION
In 2017, coal consumption increased by 25 million tonnes of oil equivalent (mtoe) or by 1 % -it was the first growth since 2013 in accordance with the BP Statistical Review of World Energy [1] . World coal production has grown by 105 mtoe or by 3.2 % -it has been the fastest rate of growth since 2011. Production has grown by 56 mtoe in China and by 23 mtoe in the US. In 2016-2017, approximately 90 % of the global coal production was ensured by 7 leading coal-mining countries (China, the USA, Australia, India, Indonesia, the Russian Federation, and South Africa). Occupational safety and health issues in the coal industry still demand for attention and action because high rates of occupational accidents and diseases still remain the major source of concern. They influence productivity and competitiveness, as well as social protection systems.
As far as Russia is concerned, improvements in the sphere of the OSH have led to a decrease in fatal injuries in the coal mining industry. In accordance with the report of the Federal Environmental, Industrial and Nuclear Supervision Service of Russia, there is a clear tendency towards a decrease in the total number of the major industrial accidents and occupational fatalities in the coal mining industry (Fig. 1) . In 2017, the quantity of fatal accidents decreased by 67.8 % as compared with 2016; total quantity of accidents decreased from 304 accidents in 2016 to 118 accidents in 2017. In 2017, the value of the specific indicator of fatal traumatism, which is calculated as the quantity of workers with fatal injuries per million tons of the coal extracted during a year, decreased from 0.14 to 0.04 person/million tons as compared with 2016.
Despite the fact that there were no major industrial accidents, which were caused by the methane/air explosions at the underground coal mines in Russia in 2017 (Fig. 2) , these explosions could result in the extremely high observed level of individual risks at certain enterprises. For example, the level of the employees' death risk increased up to 9.1•10 -3 at Ulyanovskaya Coal Mine in 2007; up to 2.8•10 -3 at Severnaya Coal Mine in 2016, and up to 1.7•10 -3 at Raspadskaya Coal Mine in 2010 [2] . The necessity of implementation of measures in the sphere of occupational safety of workers of coal mines requires taking into consideration all key factors, which influence the safety (for example, such injury risk factors as gas and/or dust explosions; sudden outbursts of rock, gas and/or dust; rock bumps; inbursts of water to the underground mining workings; spontaneous endogenous fires; rock falls). At present, estimates of the injury risks of workers at coal mines are made with the help of various methods and systems, which make it possible to estimate the risk both due to influence of certain dangerous factors [2] - [3] and the risk due to joint influence of these factors [4] - [8] . 
METHODOLOGY
The idea of the method for estimation of the safety level, which was developed by the governmental supervisory institutions of Finland along with the number of leading construction corporations, is as follows. In accordance with the results of observations over the factors of the production environment grouped according to certain characteristics, results are entered to the relevant questionnaire based on the principle "correct" or "not correct" ("+" or "-", "complies with" or "does not comply with"). State of the object of observation (of a certain factor of the production environment) is considered "good", and "+" sign is entered to the relevant information field, if this object complies with the minimum level of the safety requirements. If the state of the object does not comply with the requirements of the labour protection, then "-" sign is entered. If there are no possibilities to estimate this factor or if it cannot be revealed with the help of the method of observation (for example, the level of the air dustiness), then "is absent" or "0" signs are entered to the relevant information field of the observation card.
The level of safety at the object of observation (at the work place, within a structural division, or within the entire organisation) is estimated with the help of the so-called safety index (SI; other names and close names: Elmeri index, safety coefficient, "ТR-barometer", "WS-barometer"), which is expressed as percentage and which makes it possible to make generalised estimations in respect of the degree of compliance of the observation object with the labour protection requirements.
(1) Therefore, in the case of application of this method in the construction industry, it is envisaged to perform observations over 6 groups of factors at each work place within the construction site: production process; framing scaffold, overpass ramp, trestle stand, and portable ladders; safety of labour in the course of work with machines and facilities; individual fall arrest facilities; electric networks and illumination facilities; cleanness and order at the work place.
As it follows from formula (1), the safety index is the percentage ratio, value of which can change from 0 % (complete incompliance with the safety requirements) up to 100 % (complete compliance with the safety requirements). For example, the result at the level of 60 % shows that 60 points of 100 estimated points comply with the labour protection requirements.
At present, the method, which is based on calculation of the numerical safety index (Elmeri index), is considered the simplest indirect method of the quantitative assessment of risks, which is successfully applied to various branches of industry [9] - [13] . Article [14] describes the method of estimation of production risks on the basis of ranking safety requirements. In addition, this article includes a formula for calculation of the safety index in respect of the coal mines of the Kuznetsk Basin. The basis of this method is as follows: it is necessary to determine interrelation between the assembly of the safety requirements, which are complied with, and all existing requirements -governmental normative requirements (which are denoted with the help of letter "N"); objectively important requirements (letter "I"); recommendatory requirements (letter "R").
In order to calculate safety index SI on the basis of the main injury risk factors of the coal mines in operation, we have used the methodological recommendations [8] , which present the list of all main hazards that are grouped in 6 clusters on the basis of analysis of the statistical data in respect of the accident rate and traumatism within the coal industry of Russia: hazard due to gas and/or dust explosions; hazard due to sudden outbursts of coal, gas and/or dust; hazard due to rock bumps; hazard due to inbursts of water to the underground mining workings; hazard due to endogenous fires; hazard due to rock falls; hazard due to influence of the "subjective" factor (human factor).
RESULTS
Calculation of the safety index SI has been made on the basis of the data in respect of operation of the productive coal mine within the territory of the Russian Federation. In accordance with the results of analysis of reasons of the industrial traumatism, it was established that injuries/traumas of workers were caused, for the most part, by methane or dust explosions, as well as by rock falls. Therefore, the safety index was calculated in the following manner. At the first stage of this calculation, it was necessary to reveal the observed factors, which influenced the hazard of the gas and/or dust explosion (Table 1) . The safety index in respect of this hazard is equal to:
At the second stage of this calculation, it was necessary to reveal the observed factors influencing the hazard of the rock falls ( Table 2) . Availability of the factors, which have positive influence upon the safety level, was fixed with the help of "+" ("Correct") sign, while availability of the factors posing negative influence upon the safety level was fixed with the help of "-" ("Not correct") sign. The safety index in respect of this hazard is equal to:
It is obvious that the main efforts in the labour safety sphere at this mine must be connected with protection against the hazards of the rock falls. Total safety index in respect of these two hazards is equal to: Therefore, it is possible to state that the degree of safety at this mine is not at the satisfactory level, and it is necessary to take urgent measures with the aim of industrial traumatism prevention.
DISCUSSION
With the aim of verification of the obtained results, we have made estimates of risks of the accident R at the mine under investigation with the help of the method, which is described in [8] in respect of the hazard of the gas and/or dust explosion, as well as the hazard of the rock falls. The results obtained were compared with the results of estimates of the risk R SI in respect of the same hazards, provided that this risk was determined with the help of the safety index: (2) Figures 3 and 4 present comparative results of the estimates of the accident risks, which were obtained in accordance with the method [8] -R, as well as the estimates, which were obtained with the help of the safety index R SI in respect of the danger of the gas and/or dust explosion, as well as the hazard of the rock falls.
In accordance with the results of this comparison, it is possible to conclude that results of estimates of the risks obtained with the help of various methods are quite close to each other. In principle, this conclusion is consistent with the results that are presented in articles [9] , [15] , which have demonstrated an inverse dependence of the level of traumatism and disease incidence on the Elmeri index for the enterprise of various branches of industry. Risk assessed in accordance with [8] Risk assessed by means of safety indexes Fig. 3 . The comparative graph of the risk estimates in respect of the hazard of the gas and/or dust explosion (both R and R SI values were calculated at the same coal mines under investigation). X-axis:
number of the coal mine investigated; Y-axis: risk estimates. Risk assessed in accordance with [8] Risk assessed by means of safety indexes Therefore, the proposed method on the basis of the safety index makes it possible to estimate the total level of safety due to influence of certain hazards, as well as to substantiate implementation of the relevant events in the labour safety sphere in respect of the points, which are characterised as "bad" ones [16] . Therefore, in accordance with the results, which are presented in Table 1 and Table 2 , it is possible to make a conclusion that the main efforts must be aimed at: recording of gas contaminations of the mine openings; dust-explosion protection within the extraction district and developing section; dedusting installation with the help of the irrigation technique within the mine face and in the course of shaft excavation; supervision over the roof state and state of the enclosing rocks within the mine openings; inspections and analysis of the information in respect of changes in the state of structure of the roof rocks; changes in the physical and mechanical properties of the roof rocks; characteristics of the rock-pressure manifestation. In addition, the above-proposed method makes it possible to perform estimates of the risks without more complicated methods of estimation, which are difficult for implementation at coal mines.
At the same time, simplicity of the proposed safety index method establishes certain restrictions in respect of application of this method by organisations of the coal industry:
1. As this method is based on observations, it does not make it possible to estimate a number of factors of the production environment, which have relevant influence upon the labour conditions of mineworkers (noise, physical overwork, dust concentration in the air of the work area etc.), and these factors require application of certain procedures of estimates, which are based on the instrumental measurements. 2. In the course of observations, it is assumed that all factors of hazards are equisignificant and they have no weighting coefficients. Therefore, it is not possible to estimate potential harm to the human health, which can be caused by the influence of these factors. However, the approach proposed in article [14] , which envisages ranking factors by weights, in our opinion, can obstruct utilisation of the safety index in the working environment. 3. It is quite difficult to apply this method for the temporary work places, particularly in the cases of essential changes in the package of those factors, which influence relevant hazards.
CONCLUSIONS
Method of calculation of the safety index, which is based on observations, was applied from 2002 to 2005 both in the course of labour inspections and for the operating supervision over the state of safety at work places of enterprises of various types of economic activity. Additional advantage of this method is related to the possibility of its application in the working environment by the employees, who have no special qualification in the sphere of labour protection.
In accordance with the investigations performed, it is possible to state that this method, which is based on the calculation of "bad" and "good" points, can be used at coal mines in order to make: 1) estimates of the safety level of workers in respect of the safety index, and 2) express estimates of risks of the accidents. In the second case, risk must be calculated with the help of formula (2), which is derived from the formula for the sum of probabilities of opposite events.
It is worth underlining that this method does not make it possible to perform accurate estimations of the professional risks; however its simplicity enables us to recommend it for application in order to ensure quick estimates of the safety level at certain production departments of coal mines, for example, within the framework of supervision from the part of the trade union labour safety inspectors and other trade union activists, who are authorised to act in the occupational safety sphere.
